ABSTRACT. Populus talassica Kom. is an ecologically important species endemic to central Asia. In China, its main distribution is restricted to the Ili region in the Xinjiang Autonomous Region. An understanding of genetic diversity and population structure is crucial for the development of a feasible conservation strategy. Twenty-six highlevel simple sequence repeat (SSR) markers were screened and used to genotype 220 individuals from three native populations. A high level of genetic diversity and low population differentiation were revealed. We identified 163 alleles, with a mean of 6.269 alleles per locus. The observed and expected heterozygosities ranged from 0.472 to 0.485 (with a mean of 0.477), and from 0.548 to 0.591 (mean 0.569), respectively. Analysis of molecular variance revealed 93% variation within populations and 7% among populations. A model-based population structure analysis divided P. talassica into two groups (optimal K = 2). These genetic data provide crucial insight for conservation management.
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INTRODUCTION
In this paper, 920 SSR primers were downloaded from the Populus Molecular Genetics Cooperative (GCPM and PMGC primers; http://www.ornl.gov) and the Oak Ridge National Laboratory (ORPM primers; Tuskan et al., 2004) . After screening, 26 markers exhibited robust amplification and high levels of polymorphism. These markers were then used to evaluate genetic variation within and among populations. These genetic data are an indispensable foundation for understanding the genetic basis of wild P. talassica populations and facilitating future conservation management.
MATERIAL AND METHODS

Sampling strategy and DNA extraction
According to our sampling scheme, three native populations were sampled from the upper, middle, and lower reaches of the Kashi River, as described in the Introduction. These three geographically separate sites were tens of kilometers apart ( Figure 1 ). We selected individuals at least 30 m apart to prevent selection of clones. Finally, a total of 220 individuals were sampled, and the location of each tree was determined using a Garmin (Xinbei, Taiwan) global positioning system device (Table 1 ). In the field survey, we also made a biological characteristic statistic for each individual, including age (depending on growth cone), diameter at breast height and height. The branches were cultured in water using a typical "twig and pot water culture" in a greenhouse to force floral development (Dong et al., 2014) . Total genomic DNA was extracted from approximately 2 g leaf tissue using a DNeasy Plant Mini Kit (Tiangen Biotech Co. Ltd., Beijing, China) following the manufacturer's instructions. The quality and concentration of the extracted DNA were determined using 1% agarose gel electrophoresis and ultraviolet spectrophotometry. The DNA samples were diluted to 20-50 ng/µL for use as the template for polymerase chain reaction (PCR) amplification.
Primer selection and amplification
A total of 920 SSR primers were downloaded from the Populus Molecular Genetics Cooperative (http://www.ornl.gov; GCPM and PMGC primers) and the Oak Ridge National Laboratory (ORPM primers; Tuskan et al., 2004) . DNA extracted from two individuals was amplified to test the transferability and suitability of SSRs in P. talassica. Eight individuals were then used to test for polymorphisms in markers that exhibited robust amplification.
The forward primer of each pair was tagged with the universal M13 sequence (5'-TGTAAAACGACGGCCAGT-3') during synthesis. Each PCR used a 20-µL total volume containing 10 µL 2X Tap PCR Mix (Biomedtech, Beijing, China), 0.4 µL fluorescent-dyelabeled (FAM, HEX, TAMRA, ROX) M13 primer, 0.08 µL forward primer, 0.32 µL reverse primer, 7.2 µL ddH 2 O, and 2 µL (~20 ng) genomic DNA. PCR amplifications were performed in a GeneAmp ® PCR System 9700 thermal cycler (Bio-Rad Laboratories Inc., Beijing, China) using the following program: 94°C for 10 min; followed by 30 cycles of 30 s at 94°C, 40 s at 53°C, and 40 s at 72°C; then 10 cycles of 30 s at 94°C, 40 s at 50°C, and 40 s at 72°C; and a final extension at 72°C for 10 min. The PCR products were resolved using an ABI 3730XL DNA Analyzer by Genewiz Biotechnology Co., Ltd., (Beijing, China) , and the data were analyzed using the Gene-Marker software (SoftGenetics LLC, State College, PA, USA).
Data analysis
Possible null alleles and genotyping errors caused by stuttering and/or large-allele dropout were tested using MICRO-CHECKER (1000 randomizations; Van Oosterhout et al., 2004) . For samples with poor amplification, a duplicate reaction was conducted. The estimated parameters of genetic diversity comprised the number of alleles (N A ), effective number of alleles (N E ), observed (H O ) and expected (H E ) heterozygosities, inbreeding coefficients (F IS ), and pairwise differentiation among subpopulations (F ST ), which were assessed using GeneAlEx 6.2 (Peakall and Smouse, 2006) . Polymorphic information content (PIC) was calculated using CERVUS 3.0 (Marshall et al., 1998) .
The Hardy-Weinberg equilibrium (HWE) expectations and genotypic linkage disequilibriums (LDs) between all pairs of loci were implemented in Genepop v. 4.0 (Raymond and Rousset 1995; Rousset 1997) .
To assess the spatial genetic structure, we used a Bayesian analysis implemented in STRUCTURE (Pritchard et al., 2000) to examine the number of differentiated populations. The K was set from 2 to 8 with each K estimate replicated 10 times with a 100,000-burn-in period and 100,000 Markov chain Monte Carlo (MCMC) iterations. The optimum number of clusters was calculated by uploading results to Structure Harvester (http://taylor0.biology. ucla.edu/structureHarvester/) (Pritchard et al., 2000; Evanno et al., 2005; Jakobsson and Rosenberg, 2007; Earl and vonHoldt 2012) .
Analysis of molecular variance (AMOVA) was performed to partition the genetic variance, and a Mantel test was carried out to associate genetic and geographical distance using GeneAlEx 6.2 (Peakall and Smouse, 2006) .
RESULTS
Genetic diversity
SSRs are widely used in genetic diversity studies as neutral markers. In this study, of 920 SSR primers, 126 markers were successfully amplified in P. talassica, and 26 markers exhibited at least two alleles in a panel of eight individuals. After checking with MicroChecker, no null alleles were found in any loci. The PIC value, suggesting the polymorphic level of the loci, was 0.544 ± 0.212, and ranged from 0.007 for GCPM_2613-1 to 0.867 for GCPM_672-1. Of the 26 loci, 13 had PIC values above 0.5 (Table 2) . No significant LD was detected between any of the SSR loci pairs (data not shown), which suggests that these 26 SSRs could be used as independent markers to assess genetic diversity and population structure in P. talassica. N A = number of alleles per locus; N E = effective number of alleles; PIC = polymorphism information content; H O = observed heterozygosity; H E = expected heterozygosity; F = Wright's fixation index.
In total, 163 alleles were identified, with a mean of 6.269 ± 0.774 alleles per locus. Among them, locus GCPM_672-1 was observed with 14 alleles, exhibiting the greatest variation. N E ranged from 8.230 for GCPM_672-1 to 1.088 for GCPM_2613-1, with a mean of 3.219. H O and H E were meaningful parameters for accessing genetic diversity. H O and H E ranged from 0.472 to 0.485 (mean 0.477), and from 0.548 to 0.591 (mean = 0.569), respectively (Table 2) .
At the population level, almost all genetic parameters were similar, indicating that genetic variation was not significant among the three geographical populations. N a and N e ranged from 4.885 (Upper population) to 6.000 (Lower) and from 2.908 (Middle) to 3.288 (Lower), respectively. The highest H O was 0.485 in the Middle population, followed by 0.474 in the Upper population, and 0.472 in the Lower population. However, H E differed from H O . The highest was in the Lower population (0.591), and the lowest was in the Middle population (0.567). The allele equilibrium statuses of the three populations were tested for HWE, and 23 of 78 locus-population comparisons, deviated significantly from HWE (P < 0.05) ( N A = allele number; Ho = observed heterozygosity; H E = expected heterozygosity; F IS = fixation index in subpopulations; F IT = fixation index in total population; F ST = genetic differentiation of subpopulations; N M = gene flow estimated from F ST . Table 3 . Comparisons of genetic diversity and differentiation at Populus talassica population level.
Population structure
The AMOVA indicated different levels of genetic variance among populations and among individuals within populations. Of the total genetic variance, 7% was attributed to population divergence, and the remaining 93% was explained by individual differences within populations (Table 4 ). The total F ST , estimated at each locus for all individuals, ranged from 0.004 to 0.110 (mean 0.038), and the results were consistent with the history of high gene flow (mean 12.818). The results of pairwise population analysis using Nei's unbiased genetic distance showed that the largest F ST was 0.100, between the Upper and Middle populations, and the smallest was 0.054, between the Middle and Lower populations (data not shown). Population structure analysis was conducted according to the known order of individuals, yielding the optimal substructure result K = 2. Figure 2 illustrates the estimated subpopulations for the 220 individuals. Each individual is represented by a thin vertical line and classified based on its estimated membership probability (Q). Since STRUCTURE could not perform an analysis of K = 1 on populations with no difference, the optimal K = 2 is still unconvincing, especially considering the very low F ST values and the 7% inter-population variance. No correlation was found between the genetic and geographic distances according to the Mantel test (data not shown). 
DISCUSSION
Genetic diversity
To lay the foundation for association analysis and conservation management in P. talassica, we screened 26 highly polymorphic SSR primers and used them to evaluate genetic diversity and population structure. In the present study, we found a mean number of 6.629 observed alleles per locus within the 220 genotypes, belonging to three populations. This value was higher than the N A (3.73) in the Tibetan poplar (P. szechuanica var. tibetica), which was determined using 24 SSR markers (Shen et al., 2014) . Also, this value was higher than for some related Populus species identified using SSRs, such as P. nigra, P. trichocarpa, P. tremuloides (Slavov and Zhelev, 2010) , and P. tomentosa (Du et al., 2012a,b) . In our study, the mean H O and H E were 0.476 and 0.591, respectively. Similar values were also reported in other related species, such as P. tremuloides (H O = 0.472, H E = 0.67; Namroud et al., 2005) and Populus tremula (H O = 0.474, H E = 0.500; Lexer et al., 2005) .
This relatively high N A value may be related to the large sample size and co-dominant SSRs. As described in the Introduction, the 220 sampled genotypes represented a large proportion of the Kashi River region, which was the main area of distribution in the west of China. Thirteen primers had PIC values higher than 0.5, with a mean of 0.544 in 26 loci, both suggesting relatively high polymorphism. Another possible partial explanation for the considerable level of polymorphism is outcrossing, which is prevalent in Populus due to selfincompatibility.
Population structure
The STRUCTURE analysis revealed that the population should be divided into two subsets (K = 2). Individuals from upper and lower reaches were clustered into one group, and those from the middle clustered into another group. As Figure 2 shows, the Upper and Lower populations belonged to a single homogeneous population cluster. The Middle population showed mixed ancestry, suggesting a degree of genetic mixing. Since STRUCTURE could not perform analysis on K = 1, the result of K = 2 is unconvincing and debatable, especially considering the 7% among-population variance. The total F ST , estimated at each locus for all individuals, was very low (mean 0.038), and the results of pairwise population analysis using Nei's unbiased genetic distance were also very low. Therefore, there was no significant differentiation among the three populations.
This may be mainly explained by strong gene flow and local geographic structure. Gene flow can lead to combining of gene pools, which can promote the reduction of genetic variation among groups (Slarkin, 1985) . Gene flow also plays a considerable role in evolution by pollen dispersal, seed dispersal, and the establishment of the individual adults. This is especially true for high outcrossing and perennial species (Muona et al., 1990; Shen et al., 2014) . In our study, a relatively strong gene flow was determined, with a mean Nm (the number of migrants successfully entering a population per generation) of 12.818. This value was much higher than for the related species Populus alba (mean N M = 3.1; Lexer et al., 2005) and P. szechuanica (mean N M = 7.020; Shen et al., 2014) .
Another important factor contributing to the low level of differentiation among populations is local geographic structure, specifically, the river and the altitude. As mentioned in the Introduction, the three sampled populations were along the river basin, some in the river channel itself. Rivers cannot be ignored as an important factor in seed dispersal, and the river is an established seed dispersal mechanism of P. talassica. Another key factor that influences pollen and/or seed dispersal is altitude. The altitude gradient is a useful natural environment for investigating evolutionary responses to geophysical influences (Körner, 2007) . For sampled populations that cover different altitudes, structural differentiation among populations could be due to restricted gene movement as a result of non-random mating and/or a geographic barrier (Byars et al., 2007; Pickup and Barrett, 2013) . In the present study, the vertical distance was only 182 meters (m), with altitudes ranging from 1150 m (Upper) to 968 m (Lower). Therefore, we speculate that altitude had limited influence in gene flow in this study.
Conservation management
Future conservation management plans should aim to protect as many individuals as possible, as each individual transfers pollen and seeds. Rapid deforestation will greatly affect gene exchange between individuals and hinder pollen and/or seed dispersal. Consequently, this could lead to high levels of genetic differentiation between populations. Long-term geographic barriers also increase the probability of extinction, or they could lead to locally adapted populations. Long-term conservation should focus on protecting genetic diversity, not only individuals and/or populations.
CONCLUSIONS
To our knowledge, this is the first report of species-specific SSR markers and genetic analysis in P. talassica. The genetic data revealed that the three populations along the Kashi River have relatively high diversity and a low level of genetic differentiation. A strong history of gene flow and the river itself play important roles in pollen and seed dispersal in this region. Therefore, conservation management should aim to protect as many individuals as possible.
